Objective. The purpose of this study was to assess the correlation between skin-to-epidural space depth, as measured on cervical magnetic resonance imaging (MRI), and actual needle depth, as measured by Tuohy needle markings during cervical epidural steroid injections.
Introduction
Epidural steroid injections are one of the most commonly performed interventional procedures in the United States; the cervical region is second only to the lumbar region as the most common injection site [1] . Overall, cervical and thoracic epidural steroid injections increased 119% per 100,000 Medicare population from 2000 to 2013 [2] . The reported annual incidence of cervical radiculopathy is 83.2 per 100,000 persons [3] , while the reported point prevalence is 3.5 per 1,000 persons [4] . At a minimum, there is moderate evidence that cervical epidural steroid injection (CESI) provides both short-and long-term pain relief in patients with cervical radiculopathy [5] . CESI research provides level II evidence for its usage in treating cervical disc herniation [6] . This evidence indicates that CESI is equivalent in efficacy to cervical epidural injections of local anesthetic with or without steroids for managing neck and/or upper extremity pain [7] . Nevertheless, the effectiveness of CESI remains somewhat controversial. Moreover, it is not a firstline treatment; such injections should be considered only after noninterventional treatment options have been exhausted because procedures in the cervical region carry a very low, but very serious, risk of major complications [8, 9] . Direct needle trauma to the spinal cord is the leading mechanism of injury in the cervical region [9] . In 2015, a consensus from a multispecialty working group included the following in their recommendations: Review imaging studies before performing CESIs and do not go higher than the C6-C7 level, with preference given to the C7-T1 level [10] .
CESIs are technically challenging because of the narrowness of the epidural space, the proximity of the needle to the spinal cord, and significant anatomical variances [11] . Other anatomic considerations that increase the complexity of the procedure include the gaps in or absence of ligamentum flavum in some patients, the lateral position of arcuate veins in the epidural space, and the diminished size of epidural space thickness in the cervical region compared with that of the lumbar region [11] . Compared with sitting, the prone position confers positive pressure in the cervical epidural space, which increases the chances of encountering a false loss of resistance (LOR) [12] .
Previous studies have investigated the relationships between the distance from skin to epidural space in adults and patient age, height, weight, and neck circumference, but to our knowledge none has compared the measured distance to estimates drawn from magnetic resonance imaging (MRI) [13] . In regard to epidural steroid injections, ultrasound is by far the most studied preprocedural imaging modality. A small Korean study showed that preoperative abdominal computed tomography imaging is helpful in predicting the distance for low thoracic epidural insertion with the paramedian approach. However, this approach has marginal relevance for a chronic pain population because most thoracic epidural injections are performed blindly as adjuncts to surgical anesthesia [14] .
Prior knowledge of the distance between skin and ligamentum flavum may help physicians avoid complications, including inadvertent dural puncture and spinal cord injury, during the performance of CESI. Because direct needle trauma is the main mechanism of injury, many severe complications could likely be avoided by precise needle placement and careful technique. The objectives of this study were to compare skin-toepidural space depth, as measured on cervical MRI, to actual needle depth (AD). We hypothesized that the findings would generate a reasonable correlation that could aid in performing CESI procedures.
Methods
The Institutional Review Board of WellSpan York Hospital in York, Pennsylvania, approved this study. Using Current Procedural Terminology (CPT) codes, we searched our electronic records for interlaminar cervical epidural procedures performed in our clinic between February 1, 2014, and June 23, 2015. Patients were included in this study if they received a CESI at C7-T1 or C6-C7, had an actual needle depth provided in the record, and had an MRI with visible skin edge. Patients were excluded if they had MRI images in which the skin was cropped, if they received open MRIs, if the actual depth (AD) of epidural space was not recorded during the procedure, or if the CESI was performed below C7-T1 or above C6-C7. We retrospectively reviewed the charts of 121 patients who had undergone 168 CESIs. Among the 168 CESIs, 38 had no needle depth recorded and 16 had MRIs in which the skin could not be visualized. Thus, of the 121 patients, 81 who underwent 114 CESIs met the inclusion criteria. Out of these 81 patients, 29 underwent more than one CESI (Figure 1 ).
Distances from skin to epidural space on MRI were measured by one of two board-certified pain physicians (HV, TNV) blinded to the identity of the treating physician and the AD obtained during the procedure. All MRI images were obtained in the usual supine position on the machine table. Most MRIs were done within a year prior to the procedure. Obtaining a cervical MRI does not add to the medical cost because, as a standard, the majority of patients need the MRI in order to consider performing cervical epidural injections. Images were accessed via the institutional online Picture Archive and Communication System (PACS) software (Centricity Enterprise Web; GE Healthcare, Waukesha, WI, USA), and measurements were obtained with the PACS' digital caliper by drawing a line from skin to posterior epidural space. To approximate the trajectory of the needle during the procedure, the line was drawn on the midline cut of sagittal T2W images, started in the middle of the interspinous space, and was parallel to the spinous processes ( Figure 2 ).
CESIs were performed with an interlaminar approach at the C6-C7 or C7-T1 level. Patients were placed prone with a prone pillow to standardize positioning ( Figure 3 ). The C7-T1 interspace is the more common level to attempt this procedure because it is larger and more easily accessible. It is easier to access than higher levels, in part because it has less spinous process angulation [15] . Physicians used caution not to overinfiltrate the subcutaneous tissue with local anesthetic because it can elevate the skin and falsely increase the depth measured from the skin to the epidural space. Efforts were made to ensure that the needle trajectory was parallel to the spinous processes and inserted in the middle of the interspinous space.
Physicians identified the epidural space with the LOR technique using a 21-gauge Tuohy needle. Contrast injection into the epidural space confirmed optimal placement in the lateral fluoroscopic view (Figure 4 ). In the anteroposterior view, digital subtraction was used to check for vascular uptake. The resultant epidurogram also documented injectate spread. Contrast in lateral and anteroposterior views ensured that the needle was placed properly and that no vascular uptake prior to steroid injection occurred. Actual needle depth measurements were determined by the 1 cm markings on the Tuohy needle; the skin-to-needle tip distance was recorded in each patient's electronic record during the procedure. Other data recorded included gender, age, weight, body mass index (BMI), diagnostic information, estimated needle depth by MRI, and actual needle depth. In addition, we analyzed the total fluoroscopy times required to complete the procedures in order to identify any trend between fluoroscopy time and BMI.
Statistical Analysis
Categorical variables are expressed as percentages, and continuous variables are presented as the mean 6 standard deviation. We used the mixed linear model approach to study the association between AD and MRI-estimated depth while accounting for other predictive variables and Figure 2 Example of the most midline cut of sagittal T2W image used to obtain depth estimates. To approximate the trajectory of the needle during the procedure, the line was drawn starting in the middle of the interspinous space and as parallel as possible to the spinous processes. within-patient variation. The random effect associated with patients was due to the repeated measure of outcome variables (AD) and predictive variables (MRI, BMI, age, gender, and CESI levels) on 81 patients who had undergone multiple CESIs. The analyses were carried out with the R version 3.2.2 under consultation with a statistician. Statistical significance was set at P < 0.05, and all tests were two-sided.
Results
A total of 81 patients (46% male, 54% female) who received 114 CESIs (38% C6-C7, 62% C7-T1) met the inclusion criteria ( Table 1 ). The average age was 52 years, and the average BMI was 29. The average estimated needle depth in MRI images was 5.95 6 1.10 cm, and the average actual needle depth was 5.69 6 0.90 cm (Table 1) . We performed mixed linear modeling to evaluate the association between AD and other variables in Table 1 for each CESI level after accounting for within-patient variation. At both C6-C7 and C7-T1, MRI depth (P < 0.009, P < 0.001) and BMI (P < 0.001, P < 0.002) were significantly associated with AD ( Table 3 ). The positive slopes for MRI depth and BMI for both CESI levels indicate that AD increases with MRI depth and BMI. The estimated coefficients and 95% confidence intervals for each variable are summarized in Table 3 .
Results by CESI Level

Results by BMI Category
The BMI variable was divided into four categories as follows: <25, 25-30, 31-40, and >40. Table 1 provides the frequencies and the corresponding percentages for each of the categories. Overall, when we controlled for MRI depth, age, gender, and CESI level, AD was significantly associated with the BMI categorical variable (P < 0.001). The estimated coefficients and 95% confidence intervals for each variable are summarized in Table 3 . The mean difference between the ADs for BMI group <25 and BMI group >40 was -1.22 units (P ¼ 0.001). The mean difference between the ADs for the 25-30 BMI group and the >40 BMI group was -1.15 units (P ¼ 0.001). The AD for the 31-40 BMI group was not significantly different from that of the >40 BMI group (P ¼ 0.061).
Predicting Actual Depth
We performed forward model selection in linear mixed models using the Akaike information criterion (AIC) to select the best model to predict AD from all other variables in Table 1 [16] . Based on the AIC (a small AIC is better), the model consisting of MRI depth þ BMI worked best for predicting AD from other variables. In the final model, both MRI depth and BMI were significantly predictive of AD (P < 0.001) ( 
Fluoroscopy Times
We analyzed the total fluoroscopy times required to complete the procedures. The mean fluoroscopy time was 22.17 6 8.77 seconds. No trend was found between fluoroscopy time and BMI. Fluoroscopy time decreased with an increase in the number of repeat procedures on the same patient; however, this decrease fell shy of statistical significance secondary to small sample size (P ¼ 0.073); out of 81 patients, only 29 had a second procedure, and four underwent a third procedure.
Discussion
In this retrospective cohort study, we assessed the correlation between MRI measurements of skin-to-cervical epidural space and actual needle depth during CESI. The data gathered suggest that MRI estimations can be a valuable tool in predicting actual needle placement before CESI. Because needle insertion during CESI is close to the spinal cord, knowledge of the epidural space depth may reduce the risk of serious (though rare) complications. Catastrophic central nervous system injuries, such as paraplegia, quadriplegia, medullary infarct, cerebellar infarct, and death, have been reported after CESI [9] . However, given the low complication rate, it will be impractical to clinically validate whether knowledge of MRI-predicted epidural depth reduces complications. Appropriate steps that can be used to improve safety and accuracy and reduce complication risk, especially use of fluoroscopy, have been outlined in previous literature [17, 18] . This study may provide an additional step to increase safety.
Some anatomic features need to be considered when performing cervical epidural injections. The ligamentum flavum is relatively thin in the cervical region and more likely to have gaps than that within the thoracic and lumbar regions. Cervical ligamentum flavum gaps were found to be 66% at the C6-C7 level and 68% at C7-T1 level [19] . Because both the ligamentum flavum and dura are thinner and in closer proximity to the spinal cord, serious complication is increased during injections in the cervical spine. MRI scans, which are routinely used to assess pathology and anatomic variations, can also serve as an important additional step to increase safety during CESI. This additional safety step could be especially important for patients with prior cervical fusion because the implanted metal hardware often compromises the quality of the fluoroscopic images in both anteroposterior and lateral views. Therefore, clinicians may find MRI estimates to be a helpful tool in predicting epidural space depth for patients undergoing CESI.
This study showed a strong correlation between estimated and actual skin-to-cervical epidural space in all patients. In 70% of the procedures, estimated depth measurements were consistently larger than the ADs; therefore, MRI estimates of skin-to-cervical epidural space should be used with caution.
This study has several limitations. Owing to its retrospective design, the study may have been influenced by confounding variables, including measurement bias and cropped MRI images that preclude the ability to estimate depth in morbidly obese patients.
The potential for measurement bias was addressed by blinding the personnel who performed the MRI estimates to the AD measurements. The AD measurements utilized 1 cm markings on the Tuohy needle, reducing the accuracy of measurements of less than 0.25 cm. The positioning and angulation of the needle may also impact measurement accuracy. Multiple possible needle angles of approach affect the exact measured depth from the skin to the epidural space. This source of potential inaccuracy was minimized by using an angle of approach parallel to and at the midpoint of the interspinous processes. Because patients are positioned supine for the MRI and prone for the procedure, the difference in soft tissue settling and soft tissue compression between the opposing positions likely alters the distance between the skin and epidural space. Additionally, different techniques can affect needle depth. For example, the use of continuous LOR vs intermittent LOR techniques can lead to slight variations in final epidural needle location as the amount each provider incrementally advances the needle during the intermittent LOR technique can result in different parts of the epidural space being accessed. Despite these limitations, this study shows the potential impact that careful review of already available MRI scans can provide. Because no depth by imaging was more than 1.5 cm greater than the actual LOR depth, false LOR at shallow depths could be avoided by starting to test for LOR 2 cm before the estimated MRI depth. The MRI skin-to-epidural space measurement can be adequately made by an anesthesiologist without the assistance of a radiologist. Prospectively collected data will be needed to determine how to make the prediction tool more precise. Additionally, future studies should use a Tuohy needle with 0.1 cm demarcations instead of the usual 1 cm demarcated needles. Ideally, striating with 0.1 cm demarcations would improve the accuracy of measurements. One of the authors, HA, proposes a new style of markings that would help improve AD measurements ( Figure 5 ).
Conclusions
Estimates of needle depth made with MRI were consistently deeper than the actual LOR needle depth; thus, estimates are not entirely predictive of AD. This finding indicates that physicians should approach the estimated distance with caution during the performance of CESI. The higher correlation between average MRI estimated needle depth and average AD at the C7-T1 level (5.90 and 5.73 cm) than at the C6-C7 level (6.03 and 5.62 cm) suggests that the C7-T1 level is a safer. In the analysis of the correlation between estimated needle depth and AD in regard to patient BMI, correlation was better in overweight patients than it was in underweight, normal weight, or obese patients. We can utilize the information from the preprocedural MRI to improve safety during the CESI procedure. Stopping 2 cm short of the MRI estimate to start testing for LOR avoids false LOR at shallower depths and provides a safety margin to prevent
